, his suggestion appeared justified, but it was later shown by Goebel (1935) that the basis for this cross-reaction was the cellobiuronic acid moiety common to both type III and type VIII molecules. Hybrid pneumococcal types remained no more than a theoretical possibility until Austrian et al. (1959) transformed type III strains into the binary types III-V, III-IX, III-XXV, and III-XXXIII, with types V, IX, XXV, and XXXIII as the respective donors.
When Griffith (1928) first described pneumococcal types, he proposed the possible occurrence of hybrids producing more than one capsular polysaccharide. When, soon after, cross-reactions were observed between type III and VIII strains and their antisera (Sugg et al., 1928; Harris, Sugg, and Neill, 1928) , his suggestion appeared justified, but it was later shown by Goebel (1935) that the basis for this cross-reaction was the cellobiuronic acid moiety common to both type III and type VIII molecules. Hybrid pneumococcal types remained no more than a theoretical possibility until Austrian et al. (1959) transformed type III strains into the binary types III-V, III-IX, III-XXV, and III-XXXIII, with types V, IX, XXV, and XXXIII as the respective donors.
In experiments designed to determine the specificity of immunological paralysis with type III and type VIII polysaccharides, I observed that mice injected with relatively large doses of the soluble specific substance of type VIII Diplococcus pneumaoniae (SVIII) were, on the basis of challenge experiments, paralyzed against type VIII but not against type III pneumococci. Their sera contained antibodies which reacted with the type III soluble specific substance (SIII). This observation was extended and as a result of experiments, which are the subject of this paper, it is suggested that binary pneumococci producing both type III and type VIII antigens may occur in nature.
MATERIALS AND METHODS
Mice. C3H/HeJ male mice were obtained from the Roscoe B. Jackson Memorial Laboratory.
Materials. The samples of SIII and SVIII used for the greater part of this work were the generous gift of J. Campbell, Biology Laboratories, Harvard University. He also kindly supplied a specific depolymerase for each of these polysaccharides (D3 and D8, respectively). Two other preparations of SVIII were the gift of A. M. Torriani-Gorini, 1296
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Massachusetts Institute of Technology, aAtd another sample was the gift of M. Heidelberger, Rutgers University. A type IV D. pneumoniae was supplied by R. Austrian, University of Pennsylvania.
Antibody determination. Mice were bled from the retro-orbital sinus. Antibodies to the SIII were determined, after absorbing the sera with sheep erythrocytes when necessary, by a hemagglutination test. The test was begun with a serum dilution of 1:2 (1:4 with absorbed sera) and absorbed normal mouse serum was used as diluent. The antigen for this determination was prepared by a slight modification of the method of Askonas, Farthing, and Humphrey (1960) , in which the treated fluid from a culture of type III pneumococcus is incubated with sheep erythrocytes in buffer. After washing, the coated cells were adjusted to a final concentration of 0.5%. The agglutination tests were left overnight in the cold and read the next day. In spite of strenuous efforts, it was found impossible to coat sheep erythrocytes with SVIII.
Challenge experiments. Mice were challenged by the intraperitoneal injection of 0.5 ml of broth containing approximately 100 lethal doses of the strain being tested. Deaths were recorded for 72 hr, after which the experiment was terminated. The type III organism used for challenge was a strain other than that from which the SIII was isolated, whereas the type VIII organism was the same as that from which the polysaccharide was prepared. 8, 32, 8, 16, 16, 32 32, 64, 32, 4, 16, 16, 16 0, 4, 16, 0, 4 4, 8, 4, 8 16, 16, 0, 8, 32 32, 32, 32, 16, 32 0, 4, 0, 4, 4, 0 16, 16, 16, 16 0, 0, 0, 0, 0 16, 16, 32, 16, 16 16, 16, 4, 8, 8 16, 32, 16, 16, 16 16, 16, 16, 16, 16 2,0,0,0, 0 0, 2, 0, 0, 0 16, 16, 0, 8, 32 32, 32, 32, 16, 32 0, 0, 0,0, 0 4, 8, 16, 8, 16 8, 8, 8, 8, 16 32, 32, 4, 16, 16 0, 8, 16, 8, 16 4, 32, 8,16, 16 32, 16, 16, , 8, 32, 8, 32, 4 16, 4, 8, 32 32, 32, 32, 8, 16 16, 16, 2, 4, 4 O, 0, 0, 0, 0 2, 2, 8, 2, 8 4, 4, 4, 16, 16 16, 8,16,16, 64 16, 2, 16, 8, 16 32, 16, 16, 4, 4 16, 16, 16, (Dubos and Avery, 1931; Sickles and Shaw, 1934; Campbell and Pappenheimer, 1963) , made it feasible to determine whether the SVIII preparation contained any molecules of SIII. Prolonged incubation of SVIII with the specific D8 depolymerase results in cleavage of all 1,4-,8-glucuronido linkages, with the formation of the tetrasaccharide glucose-1,4 3-glucose-1,4 a-galactose-1,4 a-glucuronic acid (Campbell and Pappenheimer, 1963) . Prolonged incubation of SIII with the specific D3 depolymerase results in hexa-and tetrasaccharides mainly being formed together with small amounts of 1,3-,B-glucuronido-glucoside and traces of free glucose and glucuronic acid (Campbell and Pappenheimer, 1963) . It could readily be shown that when the products of this second reaction are injected into mice they do not elicit an immune response.
RESULTS
Thus, all of five mice injected with 0.5 ml of a 21-hr reaction mixture containing 40 ,ug of Sll and 50 viscosity units of D3 failed to form antibodies against SIII-coated cells. When subsequently injected with 0.1 Mg of SIII, all of the mice formed antibodies.
Ten C3H/HeJ male mice, 12 weeks old, were injected with 150 Mug of SVIII which had been incubated for 21 hr with 200 viscosity units of D3. After 1 week the mice were bled and six had no detectable antibodies against SIII-coated cells, whereas the remaining four mice had low titers (2, 4, 0, 2). Another 10 mice of the same age were injected with 150 Mug of SVIII which had been treated for 21 hr with 200 viscosity units of D8 depolymerase. Wlhen bled 1 week later, all these mice had relatively high titers (4, 8, 8, 8, 8, 16, 16, 16, 16 ) against SIII-coated cells. The following week the mice from both groups were challenged. The five mice in each group which were challenged with type VIII pneumococcus all died promptly. However, when the remaining five mice in each group were challenged with type III, all those which had received the D3-treated SVIII died within 36 hr, at which time none of the mice injected with the D8-treated SVIII died. Two of the latter mice died before the conclusion of the experiment and three survived. It would thus appear that the D8 depolymerase had little effect on the ability of SVIII to induce immunity against type III, whereas the D3 destroyed the ability of the SVIII to elicit immunity against type III. The sera of mice injected with samples A and D had relatively high titers of antibodies to the SIII-coated cells, whereas the sera of the mice injected with the other samples had low titers; it should be noted, however, that all but one mouse did have antibodies against SIII-coated cells. Of 23 mice challenged with the type III pneumococcus 13 survived; most survivors were among the mice injected with samples A or D (Table 3) . Of the 21 mice challenged with only type VIII, 18 died, and, in addition, all 8 mice which had survived the type III challenge died when later challenged with type VIII.
Apart from the confirmation of the results which had been observed with sample A, the striking features here were the low antibody titers and poor protection obtained with samples B, C, and E. Two additional experiments were therefore done with sample E. In these, male C3H/HeJ mice, 12 to 14 weeks old, were injected with between 150 and 1,500 ,ug of SVIII and bled 1 week later ( As the amount of SVI1 injected was increased from 150 to 1,500,ug there was no marked change in the titers. Yet, if a small amount of SIII was present in the SVIII preparation, then, as the quantity of SVIII administered was increased, higher SlIl titers would be expected (Table 1) .
Phenomenon with SVIII from a highly purified strain. A lingering doubt still existed that the results noted until now were due to contamination of SVIII with SIII. The type VIII strain used in this study was therefore streaked out on blood-agar, and a single colony was picked and restreaked. This procedure was repeated four times, and the culture obtained from the colony picked after the fifth streaking was serially passed through four mice. The resulting heart-blood culture was inoculated into 2 liters of broth, and the SVIII was isolated by a slight modification of the method of Heidelberger, Kendall, and Scherp (1936) . This preparation of SVIII (F) was injected into seven male C3H/HeJ mice, 12 weeks old, which were bled 1 week later and then challenged with type III or type VIII pneumococcus. All seven mice formed low titers of antibodies against SIII cells and two of four survived the type III challenge, whereas none of three survived the type VIII challenge. It is unlikely that the observed results could be due to contamination of SVIII with SIll.
Specificity of the cross-reaction. Several divergent claims have been made regarding the presence in pneumococci of a species-specific protein antigen with protective properties (Day, 1934; Harley, 1935; Downie, 1938) . Street (1942) observed that the prolonged immunization of rabbits with an R type II pneumococcus induced a species-specific antibody that protected against intrapleural infections of the virulent type I organisms. Although it seemed unlikely that such antibodies played a role in the phenomenon described in this paper, five male C3H/HeJ mice, 12 weeks old, were injected with 150 Mg of SVIII (sample A) and five with 500,ug of this sample. All but one developed relatively high titers of antibodies against SIII-coated cells (8, 16, 0, 32, 32, 32, 16, 128, 8, 16 ), but, when challenged with a virulent type IV strain 2 weeks after injection of the antigen, all mice died. The sera of a group of five male C3H/HeJ mice, 12 weeks old, injected with 150 MAg of SII all failed to react with SIII-coated cells, and all died when challenged with type III pneumococcus.
DIscussION
There are several possible explanations for the observation that mice injected with relatively large quantities of the polysaccharide from type VIII pneumococci fail to survive a challenge of the homologous organism (immunological paralysis) but, on the basis of serological tests and survival of challenge, have formed antibodies against the capsular antigen of type III pneumococcus. Before discussing these hypotheses it should be mentioned that it is still not clear from this work whether all preparations from all type VIII strains possess this property, or whether it is the attribute of only some type VIII strains and the property of only some preparations of these strains.
The simplest explanation is that cells occur which form not only the type VIII polysaccharide but also small amounts of the type III polysaccharide. Binary pneumococcal types have been obtained in the laboratory by transformation of type III strains. For example, the complex antigenic mosaics of Salmonella were known in nature long before they were prepared by transduction in the laboratory (Zinder and Lederberg, 1952) . If the explanation for the results reported here is indeed due to a III-VIII binary type, there is no evidence indicating which type is the donor and which is the recipient. However, it should be noted that attempts to obtain a III-VIII hybrid with type III as recipient and type VIII as donor were unsuccessful .
It Another possibility is that part of the SVIII chain consists of SIII, being composed of several contiguous cellobiuronic acid moieties, rather than alternating disaccharides of cellobiuronic acid and galactose-glucose. The number of adjacent cellobiuronic acid units required to elicit the formation of antibodies and, thus, the number of errors necessary in the synthesis of the SVIII chain is difficult to assess. A small oligosaccharide, when part of a long chain, may act as a hapten and elicit antibodies; yet the same oligosaccharide, when free, will not stimulate antibody formation. Thus, although in experiments reported here SIIl incubated for 21 hr with the specific depolymerase failed to elicit antibodies when injected into mice, this does not mean that these products, of which the majority are of the order of 10 residues (Campbell and Pappenheimer, 1963) , would not be antigenic if part of a large chain. The results obtained when SVIII was incubated with D8 depolymerase contradict the suggestion that the SVIII chain is, in part, composed of SIII. As mentioned, D8 will digest all the -1 ,4-(3-glucuronido linkages, and, to obtain the results presented in this paper, it would have to be assumed that the -1 ,3-0-glucuronido linkages resisted D8, remained attached to the tetrasaccharide formed after prolonged enzymatic treatment with D8, and were antigenic.
The question may be raised as to why these results have not been observed previously, especially in view of the extensive literature on the relationship between SIII and SVIII and antisera prepared against them. This can be answered readily if we assume that a type VIII strain can produce both SVIII and a small quantity of SIII. The results reported here were usually obtained when mice were injected with 150 ,g of SVIII; smaller amounts than this did not give a positive hemagglutination test with SIIIcoated cells. Titration of SIII showed that the minimal antigenic dose detectable by the hemagglutination test is between 0.01 and 0.001 ,ug and that 0.1 to 0.01 ,ug would protect against challenge with type III. Therefore, the immunity reported here against type III when 150 ,ug of SVIII are administered could be attributed to as little as 0.01% SIII being present in the injected 150 Mg of SVIII. If a type VIII strain containing this amount of SIII was injected into rabbits and horses, which although difficult to immunize against pneumococci are the most commonly used animals for this purpose, then the resultant sera might contain no specific antibodies to SIII. Furthermore, the precipitin test which is commonly used is much less sensitive than the hemagglutination test, and, indeed, antisera prepared in the rabbit against the type VIII pneumococcus used in most of this work did not give a positive precipitin test with SIII antigen, but did give a hemagglutination titer of 1:4. Horse antisera prepared against type VIII strains will, on the other hand, give positive precipitin tests with SIII, but this has been clearly shown by several workers to be due to a fraction of the antibody which reacts with both SIII and SVIII (Heidelberger, Kabat, and Shrivastava, 1937; Heidelberger, Kabat, and Mayer, 1942 
